Background. Functional assessments and direct measures of physical performance are standard components of community-based studies of older populations. Estimates of the reliability of these measures are necessary for the assessment of functional change.
F UNCTIONING, defined generally as the ability to complete physical and cognitive tasks necessary for independence and adaptation to the environment, is central to an understanding of the health of older populations (1) (2) (3) . Although functioning tends to decline with age, there is considerable variability within age groups (4) (5) (6) (7) . This variability depends on a number of factors, including age, sex, the prevalence of chronic health conditions, past and current health practices (4) (5) (6) (7) , and errors in reporting and measurement.
Quantitative estimates of the reliability (reproducibility) of measures of function are necessary for the assessment of functional changes over time. Large random errors in tests of function, on average, will lead either to underestimation of the magnitude of changes or to the complete obscuring of the occurrence of changes in function with age and disability or to improvements with targeted interventions (8) . The reliability both of self-reported physical function and direct measures of physical performance has been examined in two large epidemiologic studies that used a 2-to 3-week interval between test and retest (9, 10) . Pearson correlations ranged from .58-.73 for a modified activities of daily living (ADL) index, a Rosow-Breslau index, and a Nagi index (9) . For direct measures of physical performance (balance, chair stand, time for a fast walk, writing a signature), Pearson correlations between .61 and .91 have been reported (10) . However, the use of a 2-to 3-week interval limits the interpretation of these results, as "real" acute changes in the status of these elderly subjects could have occurred, and this possibility is not specifically addressed in these studies.
As part of a longitudinal, population-based study of physical functioning in elders, a study was undertaken to obtain estimates of the reliability of measures of selfreported physical function and direct measures of physical performance. To minimize the possibility of confounding of the estimates by "real" acute changes in status, the testretest interval was restricted to 48 hours (11) .
METHODS

Subjects and Recruitment
The Study of Physical Performance and Age-Related Changes in Sonomans (SPPARCS) is a community-based longitudinal study of age-related changes in physical functioning, physical activity, and fitness in persons > 55 years who live in the city of Sonoma, California, and its environs. A community-based census identified 3,057 age-eligible individuals; 2,092 (68.4%; 1,246 females, 846 males) agreed to participate in the study and were enrolled between May 1993 and December 1994. The age distribution of these subjects was similar to that of the 1990 census data for persons > 55 years who resided in the study community. Protocols were approved by the Committee for theM296 TAGER ETAL.
Between the last week of February and the end of April 1995, 200 subjects were selected for inclusion in a substudy to evaluate the reproducibility of measures of self-reported function and direct physical performance. To assure adequate precision in "younger" and "older" subjects, subjects > 70 years were to be oversampled (target n = 120) relative to subjects between the ages 55-69 years (target n = 80). Similarly, the target number of males (100) represented an oversampling relative to the percentage in the full study (40.4%).
Subjects were recruited during a scheduled telephone interview for an interval evaluation of morbidity and mortality. Subjects were eligible to participate if they were ambulatory without assistance (no wheelchair, cane, or walker), had not had any cataract surgery in the previous 6 weeks, had not had hand or arm injury or surgery in the previous 3 months, and did not have an acute medical condition that would prevent them from attempting the direct assessments of physical performance. Subjects were recruited consecutively until the quota for each of the four age-sex categories was filled.
All subjects were tested 48 hours apart; 98% of the retests occurred within one hour of the time of day of the first test, and all occurred within two hours of the time of day of the first test (range of total time elapsed between first and second test = 47-49 hours). Testing was conducted in the subjects' homes to replicate the testing conditions of the actual study. Each participant was tested by the same interviewer at each test session; four interviewers carried out the testing (Interviewers \-A: 50.8%, 15.1%, 18.6%, 15.6%, respectively).
Physical Function (Self-Reported)
Measures of physical function, described by Rosow and Breslau (12) and Nagi (13) , were based on self-reported assessments of level of difficulty in the performance of tasks that reflect lower-and upper-body strength, balance, and fine dexterity. Additional items that reflect more detailed assessments of lower-body function (getting up from a stooped position and getting up from a seated position) were developed for the SPPARCS project (see Table 1 ).
Each of the 13 self-reported physical functional measures has nine possible responses, four of which reflect level of difficulty for people who perform the task ("no difficulty," "a little difficulty," "some difficulty," "a lot of difficulty"), two responses for people who do not perform the task ("don't do on doctor's orders," "don't do because unable to do"), two final responses for people who "never" do the activity, and a response for people who "don't know." These latter two categories were excluded and the categories for nonperformance were grouped. The four responses that reflect levels of difficulty for people performing the task were maintained.
Analysis of self-reported measures.-The age and sexspecific percentages of exact agreement (same response category) and near agreement (± 1 category difference in response) were calculated based on the five response categories for each of the 13 physical functional measures.
Categorical measures of physical function were evaluated with the kappa statistic (14) . Most respondents indicated that they did not have difficulty performing the task. Because a lower prevalence of responses can result in symmetrical imbalances of the marginal totals and high expected agreement, both of which can "falsely" lower kappa, the response categories were classified into two categories: "no difficulty" versus "difficulty," i.e., any report of difficulty (15) . Separate kappa statistics were calculated for the two age groups within each sex and evaluated for homogeneity across age strata.
Direct Measures of Physical Performance
The measures included in this study represent direct assessments that have been used as part of the standard protocols for community-based epidemiological studies of older populations (Table 1 ). All measures, except grip strength and the 360° turn, were based on the timed performance of specific tasks.
Analysis of direct measures.-All measures were continuous variables, except for standing balance and the 360°t urn, two ordinal-level measures. A weighted kappa statistic was used to examine standing balance (14) . Weights were the default weights of the SAS procedure that gave results 
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virtually identical to those with log-linear models that were used in preliminary analyses (16) .
For reaching down and grip strength, three replicates were available at each test session; for all other direct assessments, a single measurement was obtained at each visit. To compare the present data with data from previous studies (10), Pearson correlations were obtained. However, standard correlation coefficients are not optimal measures of reliability (17, 18) . Therefore, intraclass correlation coefficients (ICC) [within-subject variance/(within-subject + between-subject variance)] were obtained from variance components derived from a nested one-way random effects ANOVA (grip strength and reaching down) (Proc Nested of SAS) (19) ; and a linear model (Proc Mixed of SAS) (20) with "subjects" as a repeated measure that adjusted for the effects of age and sex.
The differences in test results between the first and second visits were used to evaluate possible learning or practice effects. Plots of test differences versus the means of both tests were evaluated (17) . Test-retest differences were adjusted for age, sex, general health [report of a history of one or more of: cardiovascular disease, cerebrovascular disease, chronic obstructive pulmonary disease/asthma, cancer (excluding non-melanoma skin cancer), diabetes mellitus, liver or renal disease], and cognitive function [modified Mini-Mental State Examination; MMSE (21)] in a repeated measures model with visit as a main effect (Proc Mixed of SAS) (20) . Preliminary analysis revealed that virtually all subjects were oriented to time and place. To enhance the utility of the MMSE for use in a noninstitutionalized population, a subset of six items that were found to provide a reasonable distribution of cognitive function in the sample was used. The items included questions and tasks in which 10% or more of the subjects responded or performed incorrectly on either visit. The values were grouped into two categories: lowest quartile (scores 0-14) and upper three quartiles (scores 15-18).
RESULTS
Study Sample
One-hundred ninety-nine subjects completed both interviews. Forty-two percent (n = 83: 41 females, 42 males) of the participants were between ages 55-69 years and 60% (n = 116: 58 females, 58 males) were > 70 years. No statistically significant age difference (< 70 and > 70 years) was found by participant status in the reproducibility study for either males or females. Therefore, age adjustment was not employed for comparisons between these groups. There was no significant difference in general health status between participants and nonparticipants for either men or women.
Of the 24 measures of physical function and physical performance, differences were found between participants and nonparticipants (p < .10) in five of the measures for females and in eight of the measures for males ( Table 2) . Most of the differences were found in the self-reported measures of physical function (5/13 for females and 6/13 for males); the pattern of difference was not consistent between sexes. Participants were more likely than nonparticipants to report difficulty with lower-body function (stooping, getting up from a stooped position, standing, and sitting); nonparticipants were more likely than participants to report difficulty with upper-body function (lifting and reaching).
Physical Function
Percentages of exact and near agreement for each selfreported measure of physical function were assessed by age and sex (Table 3 ). The percentage of females < 70 years who gave the same response at Visit 1 and Visit 2 (exact agreement) ranged from a high of 95.1% for "reaching the left arm" and "sitting for one hour or more" to 68.3% and 63.4% for "stooping" and "getting up from a stooped position," respectively. For females aged > 70, the percentage of exact agreement ranged from 91.4% for reaching or extending either arm to 67.2% for "getting up from a stooped position." Among males < 70 years, reports of difficulty with "pushing objects" had the highest level of exact agreement (97.6%) and difficulty "stooping," the lowest (78.6%). In contrast, for males > 70, exact agreement ranged from a high of 96.6% for "reaching or extending the left arm" to a low of 70% for "stooping." Most of the percentages of near agreement (± 1 response category) were high; in only three cases was the percentage under 90% [females < 70: stooping (82.9%); females > 70: stooping (89.7%), getting up from a stooped position (86.2%)]. This high level of agreement was due primarily to the large percentage of subjects who reported "no difficulty" at both visits. For 9 of the 13 items, 73% or more of the subjects reported "no difficulty" at both visits. Lower percentages were found for the two stooping items (38%; 52%) and for the two standing items (61%; 69%).
Kappa statistics for self-reported measures of function ranged from a low of .38 among males for reported difficulty in lifting items under 10 pounds to a high of .92 among females for reported difficulty in reaching or extending the left arm (Table 4 ). There was no consistent pattern of reproducibility by sex across the individual items. The kappa statistic was > .60 for 12 of 13 measures for females and 11 of 13 for males.
Direct Measures of Physical Performance
The age-adjusted, weighted kappa for the measure of standing balance was .57 (95% CI: .40, .75) for females and .47 (95% CI: .27, .67) for males.
The test-retest correlations for continuous measures ranged from .67 for reaching down to .96 for dominant hand grip strength (Table 5) . Only for reaching down, chair stand, and hand dexterity were the Pearson r values of similar magnitude to the ICC values. For walking speed and hand grip strength, the ICCs were lower than the Pearson correlations; for the 360° turn, the ICC was larger than the Spearman correlation.
There was a statistically significant improvement (p < .05) in scores for three of the six measures between Visits 1 and 2 (the chair stand, walking speed, and the 360° degree turn; Table 5 ). Differences in scores between Visits 1 and 2 did not vary significantly by age, sex, general health, or cognitive function. No test effect was evident for grip strength, reaching down, and the hand dexterity test. Figure 1 presents the relationship between the test difference (Visit 2 -Visit 1) and the mean of the results for both visits for tests of grip strength (mean difference not different from zero) and walking speed (mean difference .08 feet/second). For both measures, there is wide scatter of the differences around a mean difference of zero, and there is little evidence that the differences are systematically related to the means (product-moment correlations between difference and means: dominant handgrip = .05; walking speed = .14). 
DISCUSSION
This investigation presents an in-depth evaluation of the reliability (reproducibility) and agreement for self-reported and direct measures of physical performance based on a 48-hour test-retest protocol. The results indicate that a number of the measures are subject to considerable random error and/or lack of agreement.
The apparent high level of exact agreement that was observed for many measures of self-reported physical functioning in this study (Table 3 ) and other studies (9) was by guest on November 7, 2016 http://biomedgerontology.oxfordjournals.org/ Downloaded from largely the result of the fact that most subjects reported no difficulty for the particular task. Except for questions that related to stooping (38%, 51%, "no difficulty"), 61-89% of the responses to other items were in the "no difficulty" category; and the percentage of subjects who reported no difficulties corresponds directly with the percentage of exact agreement (data not shown). Smith and colleagues (9) reported high levels of agreement for Katz (ADL) items in the East Boston component of Established Populations for Epidemiologic Studies of the Elderly (EPESE) but do not indicate the percentage of subjects who reported no problems with the given tasks. However, in the baseline survey of the East Boston study, the percentage of subjects who reported that they did not require assistance in ADL tasks ranged from 87.3% for bathing to 94.8% for using the toilet (22) . The present study (Table 3 ) and the Smith study (9, Table 2 ) observed lower levels of agreement (similar magnitude between studies) for items derived from the RosowBreslau and Nagi items. In the present study, when responses were treated as dichotomies ("difficulty," "no difficulty") to balance the marginal distributions (15), a lower level of agreement between tests was observed, with the kappa statistics < .80 for 11/13 measures in females and 10/13 for males (Table 4) .
Very little data are available on the reproducibility of direct measures of physical performance that are expressed as continuous variables (10), and these data are given as product-moment correlation coefficients. Product-moment correlations are not measures of agreement per se (17, 18) and mix estimates of between-and within-subject variability. Moreover, such correlations are influenced by the range of values. Use of the ICC more directly evaluates withinsubject variability in a variance components framework (16) . Age-adjusted within-subject variability represented > 20% of the test-retest variability [ICC < .80 for all direct measures except chair stand and the number of steps to complete a 360° turn (Table 5) ]. Within-subject variability was greater in the older age group, but sex generally did not affect the variability, with the exception of significantly reduced grip strength in women.
Evidence of practice effects was clearly evident for three of the six direct measures (Table 5) . Although the overall changes were small, a considerable number of subjects showed relatively large differences between the first and second tests, even for tests whose mean difference was not significantly different from zero ( Figure 1A) . The importance of practice effects has not been given sufficient attention in studies published to date. Unfortunately, with time intervals of 2 weeks or more between assessments, it has not been possible in previous studies to distinguish between practice effects and actual changes in performance that are related to changes in functional status.
Functional assessments and direct measures of physical performance have become standard components of study protocols in community-based studies of older populations (1-3). Together, these measures have been used to characterize the health and functional status of older populations and, most recently, have been used to identify states of "preclinical disability" (reduced levels of physical performance that have not as yet resulted in reports of difficulty or a loss of independence) (23) . In general, direct measures have been used to identify different levels of performance among people who report no difficulty in areas of function (24) . Direct measures have been further recommended as being able to provide more precise assessments of change in functional performance in aging populations than can be provided by self-report alone (25) . Although direct measures hold the promise of providing more detailed and complete assessments of functioning and performance, the data from the present investigation indicate that three commonly M300 TAGER ETAL. used measures may be less reliable than previously supposed (26) . The sample sizes that may be needed by such studies to detect change over time may have been underestimated (8) , given the apparent underestimation of the imprecision of these measures. Existing studies may be biased toward the null (27) or in unknown directions when multiple factors are measured with error (28) . The problem is further compounded when the data generated from these measures are grouped into categories or summarized as function or performance scores (10, 24) . Indeed, two of the measures that showed the strongest test effect (chair stand and walking speed) are included as components in a general measure of lower-body strength (24) .
Conclusion
In summary, several commonly used measures of performance and function may not be reliable as originally reported, a problem compounded by the generation of summary scales based on these measures. The development of more refined and integrated measures of function and performance depends in large part on the completion of comprehensive assessments of reliability. More detailed studies are needed to examine both the level of overall agreement, as measured by the ICC, and the presence of possible test effects. Future research also should evaluate the utility and feasibility of completing multiple replicates of tests at the same visit to provide more stable estimates of performance, as was done in the current study for grip strength and reaching down. In general, replicate assessments should be considered for those measures in which fatigue and time will not adversely affect the subject's performance. Finally, as new measures of physical performance and function are developed, careful evaluation of the reproducibility of these measures must be conducted.
